substituent effects were found to vary with the solvent electrophilicity, DE S , nearly to the same extent in the alkaline hydrolysis of substituted phenyl benzoates containing substituents at the phenyl and benzoyl moiety [1, 2] , as in the alkaline hydrolysis of substituted phenyl tosylates, CH 3 C 6 H 4 SO 2 OC 6 H 4 -X [3] .
In the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , at 25°C the dependence of the meta, para polar, ortho inductive and resonance substituent effects on the solvent electrophilicity, DE, calculated using log k values for various solvents (water, aqueous 50% DMSO, 2.25 M Bu 4 NBr, 1.0 M Bu 4 NBr, 0.5 M Bu 4 NBr, 5.3 M NaClO 4 ) was found to be expressed as follows [2] :
Dlog k m,p = log k X -log k H = (0.010 ± 0.023) + + (1.77 ± 0.04)s -(0.0683 ± 0.0055)DEs
(1) R = 0.995, s = 0.087, s 0 = 0.108, n/n 0 = 55/55
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Prediction of ortho substituent effect in alkaline hydrolysis of phenyl esters of substituted benzoic acids in aqueous acetonitrile H AN ) exp + 0.059 + 2.19s I + 0.304s°R + 2.79E s B -0.0164DEs I -0.0854DEs°R, where DE is the solvent electrophilicity, DE = E AN -E H20 = -5.84 for aqueous 50.9% acetonitrile. The predicted (log k X ) calc values for phenyl ortho-, meta-and para-substituted benzoates in aqueous 50.9% acetonitrile at 25°C precisely coincided with the experimental log k values determined in the present work.
The substituent effects from the benzoyl moiety and aryl moiety were compared by correlating the log k values for the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in various media with the corresponding log k values for substituted phenyl benzoates, C 6 H 5 CO 2 C 6 H 4 -X.
Dlog k ortho = log k X -log k H = (0.059 ± 0.055) + + (2.19 ± 0.07)s I + (0.304 ± 0.089)s°R + + (2.79 ± 0.09)E s B -(0.0164 ± 0.0064)DEs I -(2) -(0.0854 ± 0.0114)DEs°R R = 0.986, s = 0.114, s 0 = 0.167, n/n 0 = 63/63
In Eqs. 1 and 2 DE is the solvent electrophilicity parameter, DE = E S -E H2O [5] [6] [7] [8] [9] [10] [11] , characterizing the hydrogen-bond donating power of the solvent, E s B is the steric substituent constant of ortho substituents.
In the alkaline hydrolysis of substituted phenyl benzoates [1, 2] and tosylates [3] the variation of the ortho inductive term with the solvent electrophilicity, E S , was found to be approximately 2-3 fold smaller than that for para and meta substituents, while the ortho resonance term appeared to vary with the solvent electrophilicity nearly similarly to that for para substituents. The steric term of ortho substituents in the alkaline hydrolysis of substituted phenyl benzoates was approximately independent of solvent parameters [1, 2] .
In our previous work [12] we compared the predicted rate constants, k calc , with the experimental rate constants, k exp , in the alkaline hydrolysis of ortho-, para-and metasubstituted phenyl benzoates containing substituents in aryl moiety, C 6 H 5 CO 2 C 6 H 4 -X, in aqueous 50.9% (v/v) acetonitrile at 25°C. The predicted rates, k calc , in the alkaline hydrolysis of substituted phenyl benzoates, C 6 H 5 CO 2 C 6 H 4 -X, in aqueous 50.9% (v/v) CH 3 CN (AN) at 25°C were calculated as sum (Eq. 3) that consisted of the experimental log k exp value for un-substituted derivative (X = H) in aqueous 50.9% (v/v) CH 3 CN (AN) at 25°C and the substituent effect component (Dlog k X ) calc calculated for the corresponding ortho, meta and para substituted derivatives with Eqs. 4 and 5 describing the variation of the substituent effect with the solvent electrophilicity parameter at 25°C using for aqueous 50.9% CH 3 CN the solvent electrophilicity parameter, DE = -5.84: It was interesting to check up whether also in substituted phenyl benzoates containing ortho, meta and para substituents in the benzoyl moiety, X-C 6 H 4 CO 2 C 6 H 5 , the experimental rate constants, k, for the alkaline hydrolysis in aqueous 50.9% CH 3 CN at 25°C coincide with the predicted rate constants, k calc , when the solvent dependent substituent effect was calculated with equations 1 and 2 characterizing the variation of the substituent effect with the solvent electrophilicity parameter DE at 25°C. It was also interesting to compare how the ortho inductive effect and para and meta polar effect vary in going from pure water to aqueous 50.9% CH 3 CN in acyl-substituted phenyl benzoates, X-C 6 H 4 CO 2 C 6 H 5 , and in substituted phenyl benzoates, C 6 H 5 CO 2 C 6 H 4 -X, containing substituents in the aryl part.
For that aim in the present work the additional rates for the alkaline hydrolysis of ortho-, para-and meta-substituted phenyl benzoates, X-C 6 H 4 CO 2 C 6 H 5 , containing substituents in benzoyl part (X = H, 4-NO 2 , 3-NO 2 , 3-Cl, 4-Cl, 4-F, 4-CH 3 , 4-OCH 3 , 2-NO 2 , 2-CN, 2-F, 2-Cl, 2-I, 2-Br, 2-CF 3 , 2-OCH 3, 2-CH 3 ) were measured in aqueous 50.9% (v/v) acetonitrile at 25°C. For the alkaline hydrolysis of ortho-substituted phenyl benzoates containing substituents in benzoyl moiety, the kinetic data in aqueous acetonitrile solutions are not available in the literature. For para-and meta-substituted phenyl benzoates the rates of the alkaline hydrolysis has been previously determined in aqueous 10% [13] , 31% [14], 33% [15] and 50% CH 3 CN [16] . Earlier the rates of the alkaline hydrolysis of para-substituted phenyl benzoates in aqueous 50% (v/v) CH 3 CN have been determined in 0.02 M phosphate buffer at 25°C [16] .
To compare the influence of substituent effects from the benzoyl moiety with that from aryl moiety the log k values for the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in various media were correlated with the corresponding log k values for substituted phenyl benzoates, C 6 H 5 CO 2 C 6 H 4 -X.
Experimental procedure
The preparation procedure and characteristics of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , the technique of kinetic measurements and the purification of reagents are described earlier [17, 18] . More detailed description of synthesis of phenyl esters of substituted benzoic acids was given in [17] and references cited therein. For kinetic mesurements in aqueous 50.9% (v/v) acetonitrile, 0.10 M NaOH solutions were used. Kinetics was measured spectrophotometrically as described earlier [18] . The measurements were repeated and the arithmetic means of the corresponding second-order rate constants (dm 3 mol -1 s -1 ) were calculated. The second-order rate constants, k (dm 3 mol -1 s -1 ) for the alkaline hydrolysis of phenyl esters of ortho-, meta-and parasubstituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) acetonitrile at 25°C and the wavelength l used in the spectrophotometric kinetic measurements are listed in Table 1 .
Calculation details
The log k values for the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) acetonitrile at 25°C (Table 1) were treated according to the Hammett [19, 20] log k para = log k H + a 1(para) (Dn CO ) X + a 2(para) Ds
log k para = log k H + a 1(para) (Dd CO ) X + a 2(para) Ds
log k para = log k H + a 1(para) Dd ( The data processing was carried out using a multiple parameter linear least-squares (LLSQ) procedure [34] . The results of the data treatment with Eqs. 6-13 are presented in Tables 2 and 5 .
Results and discussion

Influence of substituents in acyl moiety
In going from pure water to aqueous 50.9% (v/v) acetonitrile the rates of the alkaline hydrolysis for all phenyl esters of meta-, para-and ortho-substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , measured in the present work at 25ºC were retarded more than 10-fold (Table 1 ). The retardation of the rates was larger for esters with electron-donating substituents than that for esters with electron-withdrawing substituents what is similar to the corresponding rates of substituted phenyl benzoates containing substituents in phenyl moiety, C 6 H 5 CO 2 C 6 H 4 -X [2] , the contribution of the meta and para polar effects to the rates in the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) CH 3 CN at 25°C (Table 1) was described precisely with the Hammett equation (Eq. 14, Table 2): log k m,p = (-1.620 ± 0.042) + (2.09 ± 0.10)s (14) R = 0.992, s = 0.101, n = 8
The log k values for phenyl esters of ortho-substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% CH 3 CN at 25°C (Table 1) When the Charton steric scale of υ (υ > 0) was used in Eq. 7, we obtained the susceptibility to the ortho steric effects ca. twice lower than in Eq. 15 (d ortho = -1.31, Table 2 ).
Earlier the substituent polar effects were found to grow on moving from water to solutions with the reduced electrophilic solvating power as compared to water and substituent polar effects diminished in going from water to solutions with the stronger electrophilic solvating power [1] [2] [3] [4] 12, 30, 37, 40] . In the previous work for aqueous 50.9% (v/v) CH 3 CN the value of the calculated solvent electrophilicity, DE S = E S -E H20 , as characteristic of the hydrogen-bond donating power of the solvent, DE S = -5.84, was proposed [12] . Thus, in transition from pure water to aqueous 50.9% (v/v) CH 3 CN the electrophilic solvating power was reduced as compared to neat water.
The magnitudes of the meta and para polar effect and ortho inductive effect determined in the present work for the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) CH 3 CN at 25°C (Table 2, Eqs. 14 and 15) also showed increase in the substituent polar effects when going from water to solvent with decreased electrophilic solvating power as compared to water. In going from water to aqueous 50.9% (v/v) CH 3 CN, the increase in the susceptibility to the meta and para polar effect by ca. 0.37 units of r was observed. In neat water and in aqueous 50.9% (v/v) CH 3 CN at 25°C the values of r m,p were 1.72 [17] and 2.09, respectively (Table 2 ). In transition from water to aqueous 50.9% (v/v) CH 3 CN, the increase in the susceptibility to the ortho inductive effect was ca. twice less as compared to para derivatives i.e. by ca. 0.2 units of r ( Table 2 ). The increase in the ortho resonance effect with solvent was approximately 0.3 units of r what is comparable to that for para derivatives (Table 2) .
In the previous work we found in the alkaline hydrolysis of substituted phenyl esters of benzoic acid, C 6 H 5 CO 2 C 6 H 4 -X, containing substituents in the aryl moiety [12] , that during transition from water to aqueous 50.9% (v/v) CH 3 CN at 25°C the susceptibility to the meta and para polar effect (Dr m,p = 0.40 [12] ) and ortho inductive effect grows exactly by the same extent ((Dr I ) ortho = 0.20) as we found that in the present paper for the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 . Though the polar effect of substituents in reaction series considered exhibited ca. 1.56-fold difference in water [12, 17] , the susceptibility to the meta and para polar effect and ortho inductive effect during transition from water to aqueous 50.9% (v/v) CH 3 CN was found to change by the same magnitude of Dr.
In the alkaline hydrolysis of substituted phenyl benzoates, X-C 6 H 4 CO 2 C 6 H 5 , the change in the ortho, meta and para substituent polar effects in going from water to aqueous 50.9% (v/v) CH 3 CN is comparable with that when going from water to aqueous 0. ) with the corresponding kinetic data for ortho-, meta-and para-substituted phenyl benzoates, C 6 H 5 COOC 6 H 4 -X, in the same media at 25°C as follows (Table 3) :
where
In Eq. 16 Ds R = s para -s° was used. In the case of the meta derivatives the resonance term equals to zero i.e. c 2 Ds R = 0 In Eqs. 16-19 and in Table 3 by Ac is denoted phenyl esters of ortho-, meta-and parasubstituted benzoic acids, X-C 6 H 4 COOC 6 H 5 , containing substituents in the benzoyl moiety and Ar denotes ortho-, meta-and para-substituted phenyl benzoates, C 6 H 5 COOC 6 H 4 -X, with substituents in aryl part. In the case of para and ortho derivatives in Eqs. 16 and 17 the additional resonance term was included. For the ortho derivatives besides the additional resonance term the steric term was included as well. The kinetic data of the alkaline hydrolysis of ortho-, meta-and para-substituted phenyl benzoates, C 6 H 5 COOC 6 H 4 -X, in aqueous 2.25 M Bu 4 NBr, 0.5 M Bu 4 NBr, 50.9% (v/v) CH 3 CN, pure water, and aqueous 5.3 M NaClO 4 at 25°C were taken from [1, 12, 38, 39, 40] .
In the case of meta and para derivatives (Eq. 16, Table 3 ) the constant c 1 represents the ratio for the corresponding polar effects in two reaction series considered: (c 1 ) m,p = r°A c /r°A r and (c 2 ) m,p = (r R ) Acc 1 (r R ) Ar . In the case of ortho derivatives parameter c 1 (Eq. 17, Table 3 ) is the ratio for the corresponding inductive effects: (c 1 ) ortho = (r I ) Ac /(r I ) Ar , (c 2 ) ortho = (r°R) Acc 1 (r°R) Ar , and c 3 = δ Ac -c 1 (δ) Ar , where δ is the susceptibility to steric effect of ortho substituents.
When going from aqueous 5.3 M NaClO 4 (E S = 25.53 [4]) to solvent with less hydrogen-bond donor capacity (electrophilicity) like aqueous 2.25 M Bu 4 NBr (E S = 8.11
[4]) in the case of both meta, para derivatives and ortho derivatives a considerable decrease in the relation (c 1 ) m,p = r°A c /r°A r and (c 1 ) ortho = (r I ) Ac /(r I ) Ar , was detected (Table 3) . In aqueous 5.3 M NaClO 4 the relation of the polar effects in the alkaline hydrolysis of phenyl esters of meta-and para-substituted benzoic acids, X-C 6 H 4 COOC 6 H 5 , and meta-and para-substituted phenyl benzoates, C 6 H 5 COOC 6 H 4 -X, was found to be (c 1 ) m,p = r°A c /r°A r = 1.57 (Table 3) , in aqueous 2.25 M Bu 4 NBr the same ratio for meta and para derivatives was (c 1 ) m,p = r°A c /r°A r = 1.19 (Table 3 ). In the case of ortho derivatives the variation of the relation, (c 1 ) ortho = (r I ) Ac /(r I ) Ar , with solvent was less as compared to that for para and meta derivatives. For ortho derivatives In the alkaline hydrolysis of phenyl benzoates in transition from water to solvent with the stronger electrophilic solvating power (S1) as compared to water (aqueous 5.3 M NaClO 4 ), the para, meta polar and ortho inductive effects were found to decrease as compared to water: r S1 -r H2O = -Dr [1, 2, 40] . In going from water to solvent with weaker electrophilic solvating power (S2) increase in the corresponding polar effects of para, meta and ortho substituents was observed: r S1 -r H2O = Dr [1, 2, 12, 37] . Therefore for para and meta derivatives we found (Table 3) In Eq. 20 the electrophilic power of solvents (S) diminishes as follows E S1 > E H2O > E S2 .
The magnitudes of c 1 for various solvents (Table 3, Eqs. 16, 17, 20) , varying with solvent electrophilicity, E S , once more prove that the variation of the substituent polar effects in benzoyl part when going from one solvent to another, occurs approximately by the same extent as compared to that in aryl part and the change of the Dr values is not proportional to the relation c 1 = (r°A c / r°A r ) H2O = 1.41 in water. Earlier [1,2] using multilinear relationships involving the log k values for various solvents (Eqs. 1, 2, 4, 5), the variation of the meta, para polar and ortho inductive substituent effects with the solvent electrophilicity, DE S , was found to be nearly the same in both the alkaline hydrolysis of substituted phenyl benzoates, C 6 H 5 COOC 6 H 4 -X, and the alkaline hydrolysis of phenyl esters substituted benzoic acids, X-C 6 H 4 COOC 6 H 5 . The corresponding susceptibilities of the meta, para polar effect and ortho inductive effect to variation of solvent electrophilicity were: (c m,p ) Ar = (-0.0741 ± 0.0054), (c ortho ) Ar = -(0.0299 ± 0.0082) (Eqs. 4 and 5), (c m,p ) Ac = (-0.0683 ± 0.0055) and (c ortho ) Ac = (-0.0164 ± 0.0064) (Eqs. 1 and 2) at 25°C.
The constant c 2 = (r°R) Ac -c 1 (r°R) Ar for ortho derivatives (Eq. 17, Table 3) differs essentially from that for para derivatives. The magnitudes of c 2 for ortho derivatives appeared to be negative in the ranges (-1.17)-(-0.80), while in the case of para derivatives the corresponding c 2 values are positive in the ranges 1.66-2.76. In substituted phenyl benzoates with ortho substituents in benzoyl part the resonance term was found to be negligible (r°R = 0.31 ± 0.13 in water at 25°C [37] ). In phenyl benzoates containing substituents in aryl moiety the resonance term is comparable with that for para derivatives (r°R = 1.070 ± 0.104 in water at 25°C [17] ). Having in the case of ortho derivatives (r°R) Ac < (r°R) Ar in Table 3 , we obtained (r°R) Ac < c 1 (r°R) Ar as well. Although the contribution of the resonance term for ortho substituents in the benzoyl part of phenyl benzoates in water was negligible (r°R = 0.31 ± 0.13 in water at 25°C [37] ), the resonance term from the ortho position was found to vary with solvent approximately by the same extent as from the aryl part [2, 3] (Table 2 
Comparison of the experimental and predicted rates for the in alkaline hydrolysis of phenyl esters of substituted benzoic acids
To compare the experimental rate constants for the phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) acetonitrile (AN) at 25°C (v/v) ( 
In Eq. 21 the substituent effect term (Dlog k (Table 5) .
To compare the substituent effects on the rates of the alkaline hydrolysis of ortho derivatives with those in the corresponding IR carbonyl stretching frequencies, Dn CO , substituent-induced carbonyl carbon 13 ) was included (Eqs. 8-10, Table 5 , 0.999 > R > 0.982).
Correlation equations obtained (Table 5) enable to predict the rates of the alkaline hydrolysis of substituted benzoates, X-C 6 H 4 CO 2 C 6 H 5 , in aqueous 50.9% (v/v) CH 3 CN at 25°C using IR carbonyl stretching frequencies, Dn CO , the carbonyl carbon 13 For ortho derivatives with +R substituents (X = H, 2-F, 2-Cl, 2-Br, 2-CH 3 , 2-OCH 3 ) we obtained (Eq. 28, Table 5 In the case of para derivatives we obtained (Table 5) The slope a 1 in Eqs. 8-10, 29-31 (Table 5) for para derivatives represents the ratio of the polar effect in the alkaline hydrolysis and in the corresponding IR stretching frequencies, Dn CO , the carbonyl carbon 13 C NMR chemical shifts, Dd CO and the carbonyl oxygen 17 O NMR chemical shifts, Dd( 17 O), respectively: a 1 = r(AH)/ r(IR), a 1 = r(AH)/r (d CO ), a 1 = r(AH)/r(d( 17 O)). In the case of ortho derivatives the parameter a 1 in Eqs. 11-13 and 26-28 (Table 5) is the ratio of the corresponding inductive effects: a 1 = r I (AH)/r I (IR), The parameters a 1 found for ortho derivatives are lower as compared to the parameter a 1 for para derivatives. Therefore, in the case of ortho derivatives, the ratios a 1 = r I (AH)/r I (IR) and a 1 = r I (AH)/r I (Dd( 17 O)) are lower compared with the same ratios for para derivatives (Table 5 ).
The magnitudes of the parameters a 1 , a 2 , and a 3 found with Eqs. 11-13 (Table 5 ) coincide quite well with the magnitudes of a 1 , a 2 , and a 3 calculated using the corresponding r I , r R and δ values in the alkaline hydrolysis (AH), the IR frequencies of the carbonyl group, Dn CO , the carbonyl carbon 13 Table 5 prove that in phenyl esters of substituted benzoic acids the substituent-induced log k values of the alkaline hydrolysis, the IR carbonyl stretching frequencies, (n CO ), and d( 17 O) values grow with increase of the inductive effects of substituents included. The negative value of the parameter a 1 in correlation of the log k values with the carbonyl carbon 13 C NMR chemical shifts, Dd CO , (Eqs. 9, 12, 27, 30, Table 5) shows that in the alkaline hydrolysis the influence of inductive effect on the log k values is opposite to that on the 13 C NMR chemical shifts, Dd CO . With increase in s I values of substituents the log k values of the alkaline hydrolysis were found to increase but the carbonyl carbon 13 C NMR chemical shifts, Dd CO , were found to diminish when the electron-attracting substituents are involved [26] .
Similarly to previous works [12, 37] 
Conclusions
The experimental rate constants, k, measured in the present work for the alkaline hydrolysis of phenyl esters of ortho-, para-and meta-substituted benzoic acids with substituents in benzoyl moiety, X-C 6 H 4 CO 2 C 6 H 5 (X = H, 4-NO 2 , 3-NO 2 , 3-Cl, 4-Cl, 4-F, 4-CH 3 , 4-OCH 3 , 2-NO 2 , 2-CN, 2-F, 2-Cl, 2-I, 2-Br, 2-CF 3 , 2-OCH 3, 2-CH 3 ), in aqueous 50.9% (v/v) acetonitrile at 25°C (Table 1) ) calc was determined from the relationship characterizing the variation of the meta, para and ortho substituent effects with the solvent electrophilicity, DE S , at 25°C (Eqs. 1, 2, 22, 23). For aqueous 50.9% (v/v) acetonitrile the solvent electrophilicity, DE = E AN -E H20 = -5.84 [12] was used. When going from pure water to aqueous 50.9% acetonitrile the meta and para polar substituent effects and ortho inductive and resonance effects in the alkaline hydrolysis of phenyl esters of substituted benzoic acids, X-C 6 H 4 CO 2 C 6 H 5 , became stronger exactly to the same extent as it was found in the previous work for the alkaline substituted phenyl benzoates, C 6 H 5 CO 2 C 6 H 4 -X, containing substituents in aryl moiety. Correlations of log k values in the alkaline hydrolysis of phenyl benzoates containing substituents in benzoyl moiety with the corresponding log k values for phenyl benzoates involving substituents in aryl part in various media (Eqs. 16 and 17, Table 3 ) once more demonstrate that in phenyl benzoates the polar effects of substituents vary with solvent approximately to the same extent in the case of substituents in the benzoyl part and in aryl part.
Good correlations obtained between the log k values of the alkaline hydrolysis of X-C 6 H 4 CO 2 C 6 H 5 in aqueous 50. 9% (v/v) 
